Introduction
Hypotension commonly accompanies anesthesia (1), especially combined epidural and general anesthesia (2) which is a common anesthesia method, and intravenous (IV) ephedrine or etilefrine are widely used to resolve such hypotension (2) (3) (4) (5) (6) (7) (8) (9) . We have noticed that these drugs transiently decrease systemic vascular resistance (SVR) just after bolus IV administration in combined epidural and general anesthesia patients prior to this study. To our knowledge, however, no reports have compared the very acute hemodynamic changes between ephedrine and etilefrine including those of SVR.
Therefore, in this randomized clinical study, we investigated whether the bolus administration of these drugs decreases SVR just after IV administration and also evaluated any potential differences in the very acute hemodynamics between IV ephedrine and etilefrine in combined epidural and general anesthesia patients, which have not been reported to date.
Summary
Hypotension commonly accompanies combined epidural and general anesthesia, and intravenous bolus ephedrine and etilefrine are widely used to correct hypotension. We have noticed that systemic vascular resistance (SVR) transiently decreases just after intravenous bolus administration of these drugs. The goal of the present study was to investigate whether bolus administration of these drugs decrease SVR just after intravenous administration in combined epidural and general anesthesia patients. We investigated 40 patients who were scheduled for elective abdominal surgery. Patients were chosen as subjects if their systolic arterial pressure decreased by 20% or to <100 mmHg at 30 min after the induction of general anesthesia. Baseline hemodynamic values were recorded, and after ephedrine 10 mg injection or etilefrine 2 mg injection (equipotent), the parameters were recorded again at 0.5 min and once each min for the next 5 min thereafter. The 40 patients were enrolled into the ephedrine (n = 20) or etilefrine (n = 20) treatment groups. Patient characteristics were comparable in both groups. After ephedrine injection, SVR decreased significantly at the 1-min time point, whereas after etilefrine injection, SVR decreased significantly at the 0.5-to 2-min time points compared with baseline values. SVR at the 0.5-to 1-min time points was lower in the etilefrine versus the ephedrine group. Both drugs transiently decreased SVR after intravenous injection, but etilefrine decreased SVR much more than ephedrine, indicating that more vasodilation occurred after the injection of etilefrine than after ephedrine. It is thus important to recognize the different characteristics of these drugs. 
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Anesthesia technique
Before the induction of general anesthesia, an epidural catheter was inserted cephaladly to a distance of 4 cm within one intervertebral space (Th8-9 to Th11-12). We use the loss-of-resistance technique with physiological saline to identify the epidural space (10, 11) . Anesthesia of 1% epidural lidocaine (6-12 mL) was administered, and the level of analgesia was tested with a pinprick 15 min after the epidural lidocaine was administered. We confirmed that the cephalad analgesia level was at least Th5 and the lower (caudad) analgesia level was at least L1. G e n e r a l a n e s t h e s i a w a s i n d u c e d w i t h I V administration of propofol at an initial effect-site concentration of 4 μg/mL and remifentanil 1 μg/ kg in total, along with rocuronium 0.6 mg/kg IV. Thereafter, we inserted a 23-gauge catheter into either the left or right radial artery to directly monitor arterial pressure. We used a semi-closed circle system to mechanically ventilate the patients' lungs at a fresh gas flow of 6 L/min (O 2 , 2 L/min and air, 4 L/min). The controlled ventilation rate was 10 breaths/min at an inspiratory:expiratory ratio of 1:2, and a tidal volume of 8 ml/kg was used. The effect-site concentration of the propofol (administered by plasma target-controlled infusion) was later adjusted to maintain a target BIS of 40 to 60 and stable circulatory variables.
Monitoring equipment
We continuously monitored the systolic arterial pressure (SAP), mean arterial pressure (MAP), diastolic arterial pressure (DAP), heart rate (HR), pressure of endtidal CO 2 (P ET CO 2 ), SVV, cardiac output (CO), stroke volume index (SVI), and SVR with a CARESCAPE B850 monitor (GE Healthcare, Helsinki, Finland) and a FloTrac/Vigileo™ system (software ver. 03.06; Edwards Lifesciences, Irvine, CA, USA). We did not use a central venous catheter to directly measure the patient's central venous pressure (CVP). Instead, the SVR data was obtained using a fixed CVP of 0 mmHg by inputting this pressure value into the FloTrac/ Vigileo™ (12, 13) .
Each patient became a subject if at 30 min after induction of general anesthesia, the systolic blood pressure had decreased by > 20% compared with that just before epidural anesthesia or had dropped to < 100 mmHg. However, if either severe hypotension (mean blood pressure < 50 mmHg) or no hypotension at all occurred, the patient was excluded as a subject ( Figure  1 ). Furthermore, we did not administer either ephedrine or etilefrine in tachycardic patients (HR > 100) because we believe that these drugs should not be administered to such patients. Each chosen patient was randomized to receive ephedrine or etilefrine by a computer-generated list using an allocation ratio of 1:1. The baseline values of the hemodynamic parameters and those of SAP, MAP, DAP, HR, P ET CO 2 , SVV, CO, SVI, and SVR of the patients were recorded. Then, the patients were administered either ephedrine 10 mg or etilefrine 2 mg (the doses are equipotent (8, 14) ) that was prepared in identically coded syringes by a nurse not involved in the study. Because the pressure waveform is sampled by the Vigileo™ at 100 Hz over 20 s and it provides calculations at the end of each 20-s timeframe, the values of SVV, CO, SVI, and SVR were recorded 20 s after recording of the SAP, MAP, DAP, HR, and P ET CO 2 (15) . These values were recorded again at 0.5 min after the ephedrine or etilefrine IV administration and every 1 min for 5 min thereafter. Assessments of the recorded values were performed by a blinded assessor. We conducted all studies before the surgery began, and we administered just 100 mL of normal saline to the patients to ensure minimal change in SVV values during the induction of general anesthesia and throughout the study.
Statistical analyses
We used preliminary data obtained from 10 patients to estimate sample size, and we further assumed that a change of 200 points in the SVR between the ephedrine and etilefrine groups at 0.5 min after injection would be clinically relevant. Our power analysis indicated that a increases occurred in SAP and SVI at the time points of 1 to 5 min, in MAP and DAP at the time points of 2 to 5 min, in HR at the time point of 1 min, in P ET CO 2 at the time points of 1 to 4 min, in CO at the time points of 0.5 to 5 min, and in SVV at the time point of 0.5 min compared with the baseline values (Figures 2, 3) . SVV at the time points of 2 to 5 min and SVR at the time points of 0.5 to 2 min also showed significant decreases compared with the baseline values ( Figure 3) . P ET CO 2 at the time points of 1 to 2 min and CO at the time point of 1 min were higher in the etilefrine than ephedrine group (Figures 2, 3) . SVR at the time points of 0.5 to 1 min was lower in the etilefrine than ephedrine group (Figure 3 ).
Discussion
Our results showed that in combined epidural and general anesthesia patients both drugs transiently decreased SVR after bolus IV injection and that etilefrine decreased SVR much more than ephedrine did, indicating that more vasodilation occurred after the injection of etilefrine than after that of ephedrine. Furthermore, we believe that CO in the patients minimum of 18 patients would be required to meet the criteria of β = 0.1 and α = 0.05. We therefore enrolled 20 patients in each group to compensate for any potential dropouts. This analysis was conducted with GraphPad StatMate 2.00 (GraphPad Software, Inc., La Jolla, CA, USA).
Values are expressed as means ± standard deviation (SD). Within-group differences of the recorded parameters were analysed by paired t-test with Bonferroni's correction to determine whether there were significant differences between the baseline values and the parameter values after injection. Betweengroup differences in these parameters were analysed by unpaired t-test. A P value < 0.05 was considered to indicate statistical significance. All analyses were conducted with GraphPad Prism 5.04 (GraphPad Software, Inc.).
Results
Details of patient recruitment and excluded participants are shown in Figure 1 (no patients showed tachycardia [HR > 100]). The 40 patients enrolled in this study were divided into the etilefrine group (n = 20) and the ephedrine group (n = 20). Patient characteristics were similar in both groups (Table 1) .
After bolus injection of ephedrine, significant increases in the values of SAP, MAP, DAP, HR, P ET CO 2 , CO, and SVI at the time points of 1 to 5 min and of SVV at the time point of 1 min were noted in comparison with the baseline values (Figures 2, 3 ). Significant decreases were noted in comparison with the baseline values at the time point of 1 min in SVR and at the time points of 2 to 5 min in SVV (Figure 3) .
After bolus injection of etilefrine, significant receiving etilefrine was higher than that of the patients receiving ephedrine at that time because etilefrine induced more vasodilation than ephedrine did. This is new information on the action of these two drugs in combined epidural and general anesthesia patients.
Ephedrine, a commonly used vasopressor, primarily affects β-adrenergic receptors but also clearly affects α-adrenergic receptors (4) . Its cardiac effects result mainly from the β-mimetic component (4), whereas vasoconstriction in capacitance vessels and an increase in venous return are the results of its α-adrenergic effects (4). As an indirect effect, ephedrine causes the release of norepinephrine from storage granules in the postganglionic nerve endings. It also directly effects adrenergic receptors by its nonselective predominantly indirect sympathomimetic effects at both α and β receptors (ephedrine is similar in structure to amphetamine but with less blood-brain barrier penetration (16)), increases blood pressure as a result of venoconstriction, improves preload and CO, and also has some chronotropic and inotropic effects.
Etilefrine is an effective vasopressor that stimulates α 1 -and β 1 -adrenoceptors (4,17) with a much greater affinity for β 1 -rather than for β 2 adrenoreceptors (17) and also for β 1 -rather than α-adrenoreceptors (17) . Its molecular polarity is greater than that of ephedrine (4). In humans, previous studies showed that continuous and progressively increasing administration of IV etilefrine results in increased HR, CO, CVP, and MAP and decreased peripheral vascular resistance (18) but there have been no studies on the cardiovascular effects of the bolus administration of etilefrine, and therefore we investigated these effects in this study. Both drugs decreased SVR transiently after bolus IV injection, but etilefrine decreased SVR much more than ephedrine did, indicating that more vasodilation occurred after the injection of etilefrine than after ephedrine. The mechanism of vasodilation of these drugs possibly operates by activating endothelial production of nitric oxide (NO) through β 2 adrenoceptors (19-22) ; Dabisch et al. (21) demonstrated that the vascular response to ephedrine in rats was modulated by NO and that NO production in response to ephedrine may be secondary to β 2 receptor stimulation. We also surmise that both drugs initially act as a β 2 -adrenoceptor agonist. Unfortunately, however, in this study, we could not explain why these drugs showed such action, and the mechanism also remains unclear. We can simply consider that both drugs initially act as a β 2 -adrenoceptor agonist, and thereafter, these drugs affect not only β 1 but also α-adrenergic receptors. In the future, measurement of the perfusion index (PI), a marker of peripheral perfusion, which is obtained by calculating the ratio of a pulsating signal to a nonpulsating signal would provide a hint to the mechanism (23-25) because PI depends on the vasomotor tone, which may affect the pulsatile absorption component in man (26, 27) .
Although we surmise that most anesthetists believe that both drugs simply increase blood pressure as the heart rate increases, we found that in the very short term (about 5 minutes), both drugs show characteristic hemodynamics. The present study is the first report to show that the IV bolus administration of both ephedrine and etilefrine decreases SVR (by inducing vasodilation) just after injection in combined epidural and general anesthesia patients, and no previous reports have measured SVR. Therefore, in patients with dehydration or poor cardiac function, for example, these drugs may be administered very cautiously because both drugs may first act as vasodilators, and thus, it is important to recognise the characteristics of these drugs. We believe that anesthetists should always consider using phenylephrine, which is a selective α 1 agonist, instead of ephedrine or etilefrine, which can be vasodilators in patients undergoing combined epidural and general anesthesia.
Taivainen (3) gave elderly patients bupivacaine as spinal anesthesia, and if a 25% reduction in MAP from the preanesthetic reference value occurred, the patients were randomly chosen receive ephedrine 0.07 mg/kg or etilefrine 0.03 mg/kg by IV bolus. He found ephedrine to be slightly more potent than etilefrine in restoring MAP and DAP. However, our results were different from those of Taivainen in regard to MAP and DAP because both MAP and DAP were comparable in our present study. We surmise that the reason for this difference relates to the differences in the dose ratio of ephedrine to etilefrine and also to the anesthesia method used. The results of SAP and HR in the Taivainen study (3) are comparable and similar to ours.
Values of P ET CO 2 at the time points of 1 to 2 min and CO at the time point of 1 min were higher in the etilefrine than ephedrine group (Figures 2, 3 ). This result is related to the fact that changes in CO are qualitatively reflected by changes in P ET CO 2 during acute hemodynamic problems in anesthetized patients undergoing constant ventilation (28) .
Several limitations are associated with our study. First, we compared the effects of ephedrine and etilefrine only under the combination of general anesthesia and epidural anesthesia and not separately with either epidural anesthesia or spinal anesthesia alone. Separate comparisons using these types of anesthesia should be investigated in the future. Furthermore, to investigate the early and true effects of these two vasoconstrictor drugs on SVR, we should use patients or volunteers without anesthesia. Second, we used the third-generation FloTrac/Vigileo™ (software ver. 03.06) to measure SVR. Recently, Suehiro et al. (29) reported that the third-generation FloTrac/Vigileo™ system can reliably measure CO only in states of normal peripheral resistance (SVR index: 1200-2500 dynes sec/cm 5 /m 2 ), and in their clinical review, they further reported the excellent reliability of CO measurement with the third-generation FloTrac/Vigileo™ in normal patients with SVR (> 700 dynes sec/cm 5 ) (30). Slagt et al. (31) recently reported that the third-generation system performed adequately in normotensive (surgery and general critical illness) and hypodynamic (cardiac and post-cardiac surgery) conditions but not during hyperdynamic conditions (liver surgery and sepsis). The SVR in our subjects was normal, and they were all in a normodynamic condition. Therefore, we believe that our data are clinically acceptable. However, further studies are needed in which the fourth-generation FloTrac/Vigileo™ system is used (32). Finally, as described above, we did not directly measure CVP via a central venous catheter but obtained the data for SVR by inputting a fixed CVP of 0 mm Hg into the FloTrac/ Vigileo™ system (13, 33) . Taivainen (3) reported that although the administration of ephedrine and etilefrine tended to slightly increase the CVP, the values were basically unchanged, and we thought that the CVP value would have no bearing on the calculation of SVR by the FloTrac/Vigileo™ system.
In conclusion, in combined epidural and general anesthesia patients, the administration of both ephedrine and etilefrine transiently decreased SVR after IV bolus injection, but etilefrine decreased SVR much more than ephedrine did, indicating that more vasodilation occurred after the injection of etilefrine than after ephedrine. In patients with dehydration or severe hypotension, caution may be needed when using these two drugs, and it is thus important to recognize the individual characteristics of each drug.
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